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3ABSTRACT
The thermal and photochemical behaviours of five azo
compounds (6) (7) , (8), (13) and (14) were studied. Of
these five compounds, the last two have been synthesized





















(6; X = Cl)
(7; X = MeO)
(8) (13; X = Cl)
(14; X = MeO)
Thermolysis of azo. compounds (6) and (7).furnished divinyl
derivatives (9) and (40) respectively. Similarly, thermolysis
of caged azo compounds (13) and (14) gave dienes (63) and (68)
respectively.
Azo compound (8) underwent thermal decomposition to give
tetrachlorobenzene and.1,3-butadiene which was trapped by
bromine as trans-1,4-dibromo-2-butene. Deazetation probably














(9; X = Cl)
(40; X = MeO) (12) (63; X = Cl)
(68; X = MeO)
4Photolysis of all these azo compounds gave exactly the
same products as in thermolysis.
Azoxy compounds (38), (41), (61) and (62) were obtained as
side products in the course of preparations of the respective
azo compounds (6), (7), (13) and (14). The thermal behaviour


















(38; X = Cl)
(41; X = MeO)
(61; X = Cl)
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In recent years, there have been extensive experimental
studies of the thermal and photochemical behaviour of cyclic,
polycyclic and caged azo alkanes. These azo compounds usually
undergo fragmentation.with elimination of molecular nitrogen
but in rare cases, heterocycle extrusion is also observed.
The stability of cyclic azo compounds. with respect to thermal
fragmentation varies greatly.1 The rate of decomposition and
product composition depends on the structural features of the
substrates. In this section, we shall review the mechanisms of
thermal and photochemical decompositions of bicyclo[2.2.1] and
bicyclo[2.2.2] systems in details, but firstly a few words on
the thermolysis of simple acyclic and cyclic azo compounds.
There are two mechanisms suggested for the decompositions
of acyclic azo alkanes involving either a nitrogen containing
or a nitrogen free radical.2-5 To put this in another way,
acyclic azo alkanes can eliminate nitrogen by either a synchr-
onous C-N bond scission (path A) or a stepwise C-N scission
mechanism (path B) as the rate determining step.
2R N N R'
A
R N N R' R R'
B
R N N R' N2 R R'
(where R and R' are alkyl groups)
Additional informations had been obtained with cyclic azo
compounds with respect to the nature of the intermediate and the
stereochemistry of fragmentation. Several kinds of radical as
well as ionic intermediates were implied by experimental evid-
ences.
Thermolysis of cis- and trans-3,5-divinyl-pyrazolines (I and
II) were the first example for a concerted cleavage of C-N bonds
because the products formed were a mixture of cis- and trans-
divinylcyclopropane.6 The stabilized diallylic diradical (III)









3Thermolysis of 3R:5R-(+)-trans-3,5-dimethylpyrazoline (IV)
gave 73% cis-dimethylcyclopropane (V) and 25% trans-dimethylcy-
clopropanes (VI and VII) with 6% optical activity. It was
suggested that the decomposition was via the anti-symmetric
[0.0]-trimethylene (VIII) which is a -type diradical interme-
diate.7 Conrotatory closure of the -cyclopropane (VIII) gave
the major product (V). A racemic mixture of trans-dimethylcy-
clopropanes. (VI and VII) was formed by anon-concerted process
involving 1,3-diradical. The presence of small optically active
compound (VI) indicates that another asymmetric intermediate may
also be involved. A recoiled pyramidal diradical (IX) has been





























4When the thermolysis was carried out in polar solvents,
the rate of decomposition of cis- and trans-3,4-dimethylpyrazo-
lines (X and XI) increases, giving a mixture of cyclopropane
derivatives.8 It was explained by the stepwise zwitterionic
mechanism with free rotation of carbon-carbon bond of the
dipolar intermediates (XII and XIII). The carbanion center is





























5Support of this mechanism comes from the thermolysis of
4,4-dimethylpyrazoline (XIV) which gave, among other products,
predominately 85% olefin (XV.) which must be formed by 1,2-alkyl

















On the other hand, thermolysis. of cis- and trans-3,5-
dimethylpyrazoline carboxylate (XVII and XVIII) resulted in
predominantly inversion product.10 Back side attack (SN2-like)
on the carbon containing the leaving -N N group by the carbanion



























T . Diazabicyclo[2.2.l] he-ot-2-ene and its derivatives:






The nature of the diradical intermediate (XX) aroused a
lot of controversy. Roth and Martin studied the thermolysis
of exo,exo-5, 6-dideuterio-2,3-diazabicyclo[2.2.1] hept-2-ene
(XXI) in condensed phase and obtained a mixture of 75% anti-













7The result shows that inversion of configuration at bridge-
head carbon atoms predominates over retention. They suggested
that the formation of the major product (XXII) involved simultan-
eous extrusion of nitrogen molecule and back-side overlap of. the
developing p-orbitals leading to the inversion of configuration









Allred and Smith disagreed with this proposal.13 During
nitrogen extrusion, they pointed out, the N-N bond length had
to shrunk from 2.5 A in the azo-linkage to 1.09 A of the nitrogen
molecule. Therefore the developing p-orbitals of the bridgehead
carbon atoms were divergent from each other and their back side
overlap was ineffective. Secondly, these developing p-orbitals
were.antisymmetric based on extended Huckel molecular orbital
calculation and hence non-bonding, and lastly, a concerted
[ 2s+ 2s] cycloreversion was thermally forbidden.
Roth and Martin then put forth an alternative mechanism.14
A stepwise mechanism involved a nitrogen containing diradical
in an SN2-like intramolecular substitution as depicted in (XXV).
8Support for this mechanism came, from the stereospecific
addition. of N-phenyltriazolinedione (XXVII) to syn,syn-dideut-
erio-spiro derivative (XXVI). The adduct formed.exclusively
was (XXVIII) in which the dideuterium labels were anti to the
methylene bridge. A concerted cycloaddition was unlikely because
the bulky spirocyclopropane group blocked the apporach of the
dienophile from the endo side of the molecule. It was proposed
that triazolinedione (XXVII) takes a sideway attack on the Spiro
compound, to give biradical (XXIX) followed by ring closure at
the side of deuterium atoms. This produces adduct (XXVIII) in
which the bridgehead carbon atoms have undergone inversion of
configuration. By the principle of microscopic reversibility,
it is reasonable to assume that deazetation of dideuterio-diaza-
norbornene (XXI) involves a nitrogen containing intermediate

























9Allred and Smith again criticized this mechanism.15 It
was .a well established fact that fission of the two C-N bonds
in symmetrically substituted azo compounds takes place synchr-
onous)y.16-18 In the comparision of the reaction mechanisms
between cycloaddition and deazetation, non-identical components
are involved. Hence the conditions of microscopic reversibility
are not fulfilled.
Allred. and Smith observed that high pressure gas phase
thermolysis of exo- and endo-5-methoxy-2,3-diazabicyclo[2.2.1J -
hept-2.-ene (XXX and XXXI respectively) gave product.-as in the
case of liquid phase deazetation of compound (XXI), predominately
with inversion of configuration. They proposed instead that
the decomposition occurs via a pair of rapid interconverting
pyramidal biradicals (XXXII and XXXIII), and ring closure takes
place before complete equilibration of pyramidal intermediates.



















Some modified bicyclo[2.2.1]systems were also studied.
Oxidation of (XXXIV) with mercuric oxide at -78°C gave cyclo-
pentadiene.19 The intermediate (XXXV) was postulated which
underwent deazetation even at the low temperature. The
difference in the rate of deazetation between (XXXV) and dihydro-
derivative (XIX) indicated a change in mechanism. In this case,
the decomposition is an allowed [ 2s+ 2s+ 2s] cycloreversion













The rate of thermal decomposition of some other modified
bicyclo[2.2.1] systems are shown in table 1. Most significantly,
the rate of decomposition of (XXXVI) was found to be 1011 times
faster than that of (XIX). The result suggested that a lower
energy path other than via a diradical is available. The rate
enhancement is attributed to the extensive edge participation
11
TABLE I
Relative rates of thermal






















of cyclopropyl bonding electrons via transition state (XL)
leading to a concerted loss of nitrogen and 1,4-cyclohexadiene
20
in 99% yield,
Direct photolysis of (XIX) in solution caused it to
dissociate from the first excited singlet state, S1, and gave
bicyclopentane predominately with high quantum yield.21 In
contrast to thermolysis, direct photolysis of (XXXVI) at -30
resulted in 92% 1,4-cyclohexadiene and 6% tricyclohexane (XLI).22
The different product distribution for the two processes indicates
that thermal and photochemical decompositions occur via different
intermediates. In photolysis, an inverted 1 ,3-pyramidal diradical
(XLII) seems probable. It is noteworthy that no syn-tricyclo-
hexane is formed during photolysis.
NN (XLII)(XLI)
(XL)
The exact orientation of the cyclopropane ring of the
exo-fused cyclopropyl derivatives also determines the stability
ofthe azo compounds. 23,24 In (XXXVII), the cyclopropane ring
is held rigidly by a one carbon link to the methylene bridge
of the bicyclo[2.2.1] system. The orbitals of cyclopropane
ring are at an unfavourable orientation. for participation in
13
deazetation. On the other hand, the cyclopropane rings of
(XXXVIII) and (XXXIX) are at more favourable orientation to
allow overlapping of developing p-orbitals so that they
decompose at a faster rate.
Photolysis of (XXXVII) gave quadricyclane (XLIII) whereas
thermolysis gave norbornadiene (XLIV).30 It is probable that
the two reactions occur via 1,3-diradicals (XLV) of different
energy and geometry, particularly the length of the fused cyclo-
propane bond, which can either couple to form (XLIII) or ring











The 1,3-diradical intermediate can be trapped intra-
molecularly in rare case by an adjacent cyclobutene ring.25226
Irradiation of diazanorbornene derivative (XLVI) which had an
endo-fused cyclobutene ring gave exclusively anti-tricyclo-
heptene (XLVII). Thermolysis of (XLVI) at 100-135°C however
led exclusively to quadricyclane (XLVIII). In contrast,
thermolysis of the tetramethyl derivative (XLIX) at 200°C led
























It was explained that formation of quadricyclane (XLVIII)
from (XLVI) is via relatively stable 1,3-diradical intermediate
(LII) due to the presence of two phenyl substituents. The
longer half life of the biradical (LII) allows intramolecular
trapping to occur exclusively. A less stable diradical such
as obtained from the decomposition of (XLIX) collapse immediately
to something else. These results indicate that phenyl group at
radical center is necessary for quadricyclane formation.
Stabilization of benzylic radical serves to lower the activation




The azo precursor (LIII) of prismane, a lower homoloque
of compound (XXXVII), underwent thermal deazetation at 160°C
to give benzene exclusively.28 Trost and Cory suggested a
concerted mechanism. If we follow the trend of the rate of
decomposition for the compounds given in table 1. the cyclo-
propane ring of (LIII) is unlikely to participate in the thermal
fragmentation. It seems more convincing that the decomposition
is via a 1,3-diradical intermediate (LIV) which collapses to
form Dewar benzene (LV) in analogous to the reaction of (XXXVII).
Valence isomerization of (LV) gives benzene as the final product.
16
It is also conceivable that prismane has once been formed
as a primary product in thermolysis but it changes into benzene
at 160°C. Prismane has actually been isolated by photolysis









Inversion of configuration was also observed in the
thermolysis of polycyclic azo compound (LVI).30 The product
was exclusively the anti-isomer (LVIII). Photolysis of (LVI)
however gave a mixture of syn- and anti-isomer (LVII and LVIII)
respectively). (LVII), was very easily converted into (LVIII)
(t1/2= 10 hrs. at 40°C). This suggests that both thermolysis,























Polycyclic azo compounds with special structural feature
undergo heterocycle extrusion in addition to deazetation in
thermolysis. Thermal decomposition of tricyclic bis-azo
compound (LIX) gave pyrazole (LXI) as well as syn- and anti-
bicyclopentane derivative (LX).31 The last two compounds are
the usual deazetation products. The former is obtained as a
result of heterocycle extrusion which competes with nitrogen















Another example of pyrazole extrusion is the thermolysis
of azo compound (LXII).30 Here heterocycle extrusion is the
only pathway of decomposition possible. The decomposition once
started, took place vigorously because it is essentially a
concerted [ 2s+ 2s+ 2s] cycloreversion. Photolysis of (LXII)
took a different course. Besides tetrachlorobenzene, syn- and






















A remarkable case involves the diazabicyclo[2.2.1]heptane
derivative (LXIV). Heating of (LXIV) to 3800C gave dihydrofu-
lvalene (LXV) exclusively.32 It was explained that the thermo-
lysis of (LXIV) takes place by a concerted [ 2s+ 2s+ 2s+ 2s+ 2s]









Photolysis of (LXIV) gave a mixture of products: 60%
(LXVIII), 27% (LXIX) and two minor products arised from skeleton
rearrangement. The fact that the ring closure product (LXIX)
was obtained indicates that 1,3-diradical (LXVII) intervenes.
The less strained compound (LXVIII), which can also derive from
1,3-diradical. turn out to be the major product.
(LXVIII) (LXVII) (LXIX)
19
An additional evidence that a concerted mechanism is
involved is the requirement of the C=C double bond in the
thermolysis. Dihydro-derivative (LXX) took an entirely
different course.32 Rearrangement of (LXX) occured with the
extrusion of pyrazole nucleus as the sole product (LXXI).










On the other hand, thermolysis and photolysis of caged azo
compound (LXXII) gave the ring.closure product (LXXIII) as major
product but no (LXXIV). Both reactions are probably occured
via 1,3-diradical intermediates (LXXV) of different energy and
geometry. Twisting of the diazabicyclo[4.4.0]decane ring in









II. Diazabicyclo[2.2.2]oct-2-ene and its derivatives:
In 1962, S. G. Cohen and R. Zand thermolysed diazabicyclo-
[2.2.2]oct-2-ene (LXXVI) in toluene at 200°C and found that 1,5-
hexadiene was formed exclusively.33,34 The reaction is believed
to involve a 1,4-diradical'intermediate (LXXVII). However the
result itself does not preclude the formation of the ring closure
product, bicyclo[2.2.0] hexane(LXXVIII), which probably would
have undergone rapid valence isomerization to 1,5-hexadiene







To ascertain the stereochemistry of the thermal reaction,
Roth and Martin pyrolysed exo,exo- and endo,endo-5,6-dimethyl-
2.3-diazabicyclo[2.2.2]oct-2-ene (LXXIX and LXXX respectively).36
cis, trans-Octadiene (LXXXI) is the major product together with
a mixture of other dienes. The result was explained by the
formation of rapidly interconverting boat and chair 1,4-diradicals.
The major product (LXXXI) is formed from ring cleavage of the





























Cyclic hydrazine (LXXXII) on oxidation with mercuric
oxide at -78°C gave 1,3-cyclohexadiene*. Azo compound (LXXXIII)
was the postulated intermediate which underwent rapid concerted
decomposition even at such a low temperature.37,38 Similarly,




























Diester (LXXXVI) was hydrolysed, then foilowed by oxiaation,
producing cyclooctatetraene. The reaction probably proceeds via azo










When the double bond of (LXXXIII) is replaced by a cyclo-
propane ring with appropriate orientation as in compound
(LXXXVIII), its decomposition is also a concerted symmetry-
allowed [ 2s+ 2s+ 2s] cycloreversion as shown by the fast
decomposition,(table 2).42 1,4-Heptadiene was the exclusive
product. Participation of the cyclopropyl bonding electron as
23
TABLE 2
Rel ati ve rates of thermal
























in the case of diazabicyclo[2.2.1] hept-2-ene derivative (XXXVI)
is clearly demonstrated. Photolysis of (LXXXVIII) at -20°C
gave 60% 1,4-cycloheptadiene and 20% anti-tricycloheptane.43 There
is no syn-isomer formed in photolysis showing that the bridge-





The large difference in the rate of decomposition between
cyclopropyl derivative (LXXXVIII) and cyclobutyl derivative
(LXXXIX) suggests that the deazetation of the .latter is not
via a concerted mechanism. Allred and Hinshaw isolated
tricyclooctane (XCIII), during the begininglof the decomposition,
but final product was exclusively the diene (XCII).44 This
indicates that (XCIII) is one of the product but it does not
survive the drastic reaction condition at 160°C. Hence the
reaction o c cur ed .via a 1,4-diradic al intermediate (XCIV).
However, the rate of thermal decomposition of cyclobutyl
derivative (LXXXIX) is still 104 times faster than that of
diazabicyclo[2.2.2]oct-2-ene (LXXVI). This rate enhancement
25
is attributed to the relief of steric repulsion between the
endo-hydrogen atoms of the molecule.45 Direct Photolysis of
(LXXXIX) at -20°C did give (XCIII) as a major product and a
cyclobutane derivative (XCV), together with 1,5-cyclooctadiene
(XCII).46 Hence the cyclobutyl group does not participate in






The orientation of the cyclopropane ring plays an important
role in the thermal deazetation.47 The rates of decomposition
of endo-fused cyclopropyl derivative (XC) and exo-fused cyclo-
propyl-derivative (LXXXVIII) differ enormously. It is because
the endo-fused cyclopropane bonding orbitals will be in an
orthogonal orientation to the developing p-orbitals of the
bridgehead carbon atoms during a concerted disrotatory ring






In caged compounds, relief of ring strain is the predominant
factor in deciding which product will be formed. Photolysis
of azo compound (XCVI) gave a mixture consisting of 10% (XCVIII),
12% (XCIX) and trace amount of (LXV). However, thermolysis of
(XCVI) gave exclusively (LXV).k8 Since both reactions gave (LXV)
and it was the only isolable product in thermolysis at 1+30°C
(Flash vacuum pyrolysis), the bisallyl diradical (XCVII) is by








Thermolysis of caged azo compound (XCI) gave exclusively









The diazabasketene (C) did not yield cubane in deazetation.
Photolysis of (C) gave a low yield of cyclooctatetraene only.
With flash vacuum pyrolysis at 560°C, and low temperature trap-
ping, the highly unstable azocine (CI) was detected.49 The
reaction pathway probably involves a retrodiene reaction,














Diazanoutene (CII) with two exo-fused cyclopropane rings
decomposed most readily at room temperature to give semibull-
valene (CIII) by a concerted[ 2S+ 2s+ 2s] process reminiscence
of the decomposition of (LXXXVIII).50 In addition, the under-










The investigation described in this thesis arised from
the observation of the isomerization of syn-bicyclopentane
derivative (LVII) into its anti-isomer (LVIII) by Lay, Mackenzie
and Telford.30 The isomerization takes place easily even at
room temperature in contrast to that of the simple bicyclo-
[2.1.0]pentane derivative (1) which can undergo syn-anti















The rate enhancement of isomerization of (LVII) was believed
to relate with the steric compression between the dichloroetheno
bridge and the cyclopropane ring and the participation of the.
dichloroolefinic group in stabilizing the 1,3-diradical inter-
mediate formed from breaking of the transannular bond. In order
to obtain more information on the isomerization for investigation
30
of its mechanism, a study of the parallel transformation
involving syn- and anti- isomers (2) and C3), as well. as





(3; X = Cl)(2; X = Cl)
(5; X = MeO)(4; X = MeO)
It was conceivable that syn-isomers (2) and (4) may be
prepared from the photolysis of their azo precursors (6) and
(7) respectively as in the case of fo rriaticn (LVII). Lee
found that photolysis of azo compound (6) at -78°C in dichloro
methane solution for 2 hours afforded divinyl derivative (9)
in 60% yield together with an unidentified substance of melting
point 104-105°C. Thermolysis of which at 140°C for 2 days also
gave divinyl derivative (9) in only 2001o yield and the rest was
starting material (6). Photolysis of azo compound (7) at -78°C
in dichloromethane solution gave two unknown compounds of
melting points 79°C and 111-112°C,.while thermolysis of (7) at
at 180°C for 2 days resulted in total recovery of starting
material. Both thermolysis at 180°C and photolysis at -78°C
and 25°C of azo compound (8) caused no decomposition. Therefore
azo compounds (6), (7), and (8) are thermally far more stable
31
and gave a lower quantum yield in photolysis than their lower
homoloques (10), (LVI) and (LXII). It seems that ring strain









(6; X = Cl)























(10; X = Cl)








In the decompositions of (6), (7) and (8), no ring closure
products (2 and/or 3),(4 and/or 5),and (12) were isolated by Lee
respectively. Therefore, the study of their syn-anti isomerization
was suspended. It is our initial objective to search for such
ring.closure products, if there is any, from the pyrolysates
and photolysates by looking for suitable conditions on thermolysis
and photolysis of azo compounds (6), (7) and (8), then to
suggest possible mechanisms for the-decompositions of these azo
compounds based on the products obtained. Besides, two caged
azo compounds (13) and (14) were also synthesized and their














(13; X = Cl)
(14; X = MeO)
The azo compounds (6), (7) and (8) were sucessfully
synthesized by Lee.52 Their synthetic sequence, together with
that of the two ..new. caged azo compounds (13) and (14), are


















(15; X = Cl)









(17; X = Cl)









(19; X = Cl)















(21; X = Cl)




















(28 ; X= CL)
(29; X = MeO)




























(30; X = Cl)
(31; X = MeO)
(25; X = CL)





















(13; X = Cl)
(14; X = Meo)
(6; X = Cl)








In order to find out whether the bicyclohexane derivatives
(2) and/or (3) were formed during thermolysis of (6), we have
to look for a higher yield for thermal decomposition and
therefore a higher temperature is desired. However it is
undesirable to heat azo compound (6) in a high boiling solvent
(boiling point up to 200°C) which is difficult to be removed
after the reaction. Therefore solid azo compound (6) was heated
in a tube at 200°C for 1/2 hour under nitrogen. Although some
of azo compound (6) was charred, the divinyl derivative (9) was
obtained in 80% yield. U.V. irradiation (pyrex) of azo compound
(6) in dichloromethane at 0°C for 8 hours again gave the divinyl

















Since base hydrolysis followed by oxidation of the
unsaturated diester (21) gave compound (19), the unsaturated
azo compound (32) was postulated to be the intermediate which
decomposed by an allowed [ 2s+ 2s+ 2s] cycloreversion involving
36
the participation of the -bond.52 The great difference between
the rates and the conditions of the thermal decompositions of
azo compounds (6) and (32) suggested that they decompose via
different mechanisms. Therefore it should be reasonable to
assume that the thermolysis of azo compound (6) occured via a












































Support for this is the parallel result in the thermal
decomposition of diazanorbornene (LXXVI) which gave exclusively
1,5-hexadiene on thermolysis, and it was believed to occur via
1,4-diradical mechanism.33,34 Diradical (33) might have led
to compound (34) and bicyclohexane derivatives (2) and/or (3).
It is conceivable that under the drastic thermal reaction
37
condition at 200°C, the bicyclohexanes derivatives (2) and/or
C3) formed might presumably be converted into divinyl
derivative (9), compound (34) formed might be rearranged to
(9) by Cope rearrangement.53 However, photolysis of compound
(6) at 0°C did not give (34) and bicyclohexane derivatives
(2) and (3) as well. This indicates that the above assumption
is not true because at 0°C any compounds (2), (3) and (34)
formed would have been isolated since ring opening of hexa-
m ethylbicyclo[2.2.O]hexa.ne to diene requires 137-177°C.54,55
The fact that divinyl derivative (9) was obtained exclusively
can-be visualized on the base of stabilization of the terminal
incipient diradical by the dichloroetheno bridge in the

















Since cis,cis-1,2-divinylcyclobutane undergoes Cope
rearrangement to cis, cis-1,5-cyclooctadiene at 120°C,56 it is
desirable to thermolyse divinyl derivative (9) and see whether
(34) could be obtained by Cope rearrangement. However
38
thermolysis of (9) in solid state in a sealed tube at 260°C
for 8 hours resulted in no compound (34) formation but a
recovery of 14% of divinyl derivative (9) and the rest 85% is
tar formed. Furthermore photolysis of divinyl derivative (9)
in dichloromethane solution. for 10 hours at 0°C did not give
bicyclohexanes derivatives (2) and/or (3) by[ 2s+ 2s] cyclo-
addition but a recovery of 85% of starting material (9). These
indicate that compounds (2), (3) and (34) are less stable than
(9) so that the are not obtained.
120°C
The fact that divinyl derivative (9) is more stable than
compounds (2), (3) and (34) can be explained by the orthogonal
overlap during rehybridization between the two -orbitals of
the dichloroetheno bridge and the -orbitals of the vinyl
double bond as shown in figure (36). This idea is obtained













T n addition to (9), thermolysis and. photolysis of (6) gave
8% and.9% yield respectively of a minor product which has been
proved to be azoxy compound (38) on the basis of its spectral
datas. This minor product was originally supposed to be the
bicyclohexane derivative (3). Azoxy compound (38) is not a
product of thermolysis but rather a contaminant of the azo
compound (6). It was formed during oxidation of the.hydrazo
derivative.(25) by mercuric oxide in the presence of residual
potassium hydroxide from.the preceeding base hydrolysis of
ester (23).59 Since the hydrazine (25) is air sensitive, the
crude (25) was used immediately for the next step, some residual










The IR spectrum of compound (38) has a strong absorption
band at 1500 cm indicating the presence of a cis-azoxy
functional group.58 The PMR spectrum shows a multiplet at
5-36 (2H, bridgehead protons), a multiplet at 6.71 (2H, ring
junction protons) and a multiplet at 8.16 (4H, methylene
protons). The two bridgehead hydrogens of azoxy compound (38)
appear at the same chemical shift and their multiplet lies
0.82 ppm upfield than the bridgehead hydrogens of the corresp-
onding azo compound (6) (4-54 ). These characteristics are also
exhibited by the azo and cis-azoxy pairs as shown in table III. 58-60
40
TABLE III
Chemical Shifts of bridgehead hydrogen atoms (t) in. some
































Since azoxy compound (38) and azo compound (6) have
similar, solubility and chromatographic behaviour, neither
fractional crystallization nor column chromatography can be
used to isolate azo compound (6) completely free from azoxy
compound (38). During thermolysis, the azo compound (6) gave
divinyl derivative (9) whereas the contaminant, azoxy compound
(38), remained unchanged at 200°C. It can easily be separated
from divinyl derivative (9) in the reaction mixture due to a
large difference in polarity of the two molecules.
Azoxy compounds are more stable than their corresponding
azo compounds.59 The relative rates of decomposition of azo
compound (LXXXIII) and of azoxy compound .(39) (kazo/kazoxy) is
1017 adjusted to 25°C.59 In fact, thermolysis of azoxy compound
(38) at 300°C for 15 minutes in a sealed tube under nitrogen








Final proof of structure of compound (38) consists of its
synthesis from azo compound (6) using m-chloroperbenzoic acid
as an oxidizing agent.58 The colourless crystalline solid
obtained from the reaction is exactly identical to compound (38)
in all respects such as spectral data.
42
Parallel results were obtained from the decompositions of
dimetho.xytetrachloro derivative (7). Photolysis of (7) gave
triene (40). Azoxy compound (41) was also present in the
photolysate. The structure of azoxy compound (41) is assigned
based on its spectral data. Compound (40) was again the
nitrogen-free product in thermolysis of azo compound (7) at
220°C. However no azoxy compound (41) was present in the
pyrolysate because (41) decomposes at 210°C with elimination
of nitrous oxide. Compound (41) can also be obtained from (7)
by per acid oxidation. Thermolysis of (41) at 220°C also gave
triene (40) in 81% yield. In both photolysis and thermolysis
of azo compound (7), no compound (42) and bicyclohexane deri-
vatives (4) and/or (5) were detected.
ClCl Cl ClClCl




Since both azo compounds (6) and (7) are decomposed at
approximately the same thermolytic and photolytic. conditions
giving parallel results, it is reasonable to assume that (7) also
decompose by diradical mechanisms as azo compound (6).
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II. Reactions of 3,4,5,6-tetrachloro-9,10-diazatricyclo
[6.2.2.02'7] dodeca-3,5,9-triene (8).
The thermolysis of azo compound (8) was initially attempted
by heating compound (8) in solid state at 200°C in a thick walled
tube under nitrogen for z houro However tetrachi-orobenzene
in. 80°i yield was the only product isolated in the residue. In
the second experiment, the reaction product mixture was cooled,
dissolved in dichloromethane and then carefully distilled,'
The distillate was passed through a solution °.f bromine
in dichloromethane., Working up of the bromine solution gave
a product identified as tr ans-1,4-dibromo-2-butene (43) by .
comparing its spectra and melting point with the published
data67 Again tetrachlorobenzene was formed in 78% yield in
the residue.
The sequence of reaction leading to the dibromide (1+3),
can be rationalized as follows: Compound (8) undergoes
deazetation to give tricyclodecadiene derivative (12). The
latter once formed was cleaved to give cyclobutene and tetra-
chlorobenzene. Cyclobutene however ca not withstand the drastic
thermolytic condition so that it undergoes an electrocyclic
.reaction to 1,3-butadiene which was trapped by reacting with
a solution of bromine in dichl.orometharie t-o.. give the trans



















It is interesting to compare the behaviour of the two azo
derivatives (6) and (8)o With-the stabilizing influence of
dichloroetheno bridge on the incipient terminal diradical
during nitrogen elimination, (6) gave divinyl.derivative (9)
without it, the diradical intermediate (44) that derived from







Formations of divinyl derivatives from deazetation of the
corresponding azo compounds are determined by the stability of
the di radical intermediates formed. It is supported by-the
following reaction. Thermolysis of (45) gave V 14% divinyl
derivative (46) in addition to 86% ring closure-compound (47), 61
but thermolysis of (8) results in ring closure intermediate
(12) exclusively. This might be due to decomposition of (45) to
give astable benzylic diradical (48) which had a longer life
time so that other ways of pairing up the two lone electrons
can compete with the ring closure. one of which -led ,to the
formation of divinyl derivative (46). The presence of benzylic
diradical (48) was detected by CIDNP and ESR to be in triplet
state. However, diradical (44)has shorter life time so that
only the fastest ring closure process takes place leading to
the formation of compound (12) exclusively. Furthermore the
divinyl derivative (49) is not as stable as (46) because the











In comparison of the thermolysis of azo compounds (8)
and (LXII), the lower homologue of (8), the former resulted in
nitrogen elimination and the latter resulted in heterocycle
extrusion. With suitable structural feature, (LXII) underwent
an allowed [4+2] cycloreversion giving two stable aromatic
molecules, tetrachlorobenzene and pyrazole. However only one
aromatic molecule, tetrachlorobenzene, was obtained if compound
(8) underwent [4+2] cycloreversion. The other fragment formed
was 4,5-dihydropyridazine (50) which is not aromatic but it is
readily oxidized to an aromatic compound of pyridazine.64 Due
to the difference in stability of the products formed from







Compound (12) can alternatively be formed by the . following
mode. The result of thermolysis of (8) does not preclude the
formation of compounds (49) and (51) because diradical (44)
might have led to them. However, compound (49) may undergo
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[3,3]-sigmatropic reaction to give (51) which in turn rearranges
to compound (52) by a stepwise mechanism under the drastic
reaction condition. Compound (52) is in equilibrium with its
tautomer (12) because they can rearrange to each other by a
thermally allowed electrocyclic reaction. An example of this
is illustl ated by the d.echlo_ mated analogues (53) and (54).62
The equilibrium constant for this electrocyclic rearrangement







Among the four possible products (49), (51),(52) and (12),
only compound (12) leads to a stable compound, tetrachlorobenzene,
in further reaction. It would be interesting to investigate
(12). Unfortunately, azo compound (8) is thermally more stable
than tricyclodecadiene derivative (12), thus render isolation-
of the latter impossible. At 200°C, the mini mum temperature
required for thermolysis of compound (8) , tricyclodecadiene
derivative (12) cleaved into tetrachlorobenzene and cyclobutene.
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Fragmentation of a molecule giving cyclobutene in a
thermally allowed reaction is shown by compound (55).63
The driving force of this fragmentation reaction is the




However, the fragmentation of tricyclodecadiene derivative
(12) is a thermally forbidden reaction, but formation of a
resonance stabilized molecule, tetrachlorobenzene, may also
serve as a driving force for fragmentation of (12). In addition
to this, its fragmentation is facilitated by the stabilization
of the two conjugated double bonds on the diradical intermediate
(56). Therefore tricyclodecadiene derivative (12) may cleaved







Opening of cyclobutene ring can either be a thermally
allowed electrocyclic conrotatory reaction, or via a
diradical mechanism. The difference in activation energy for
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allowed and non-allowed cyclobutene ring opening is 15 kcal
-l , e5 mol most of the cyclobutene ring opening reactions are
stereospecific and thus occured via.the concerted pathway.
Example of which is the thermolysis of cis-3,4-dimethyl-
cyclobu.tene (57) at 28.0°C that gave cis,trans-2,k-hexadiene




In the present case, there is no substituents on the
cyclobutene ring, thus it is uncertain which mechanism occured
for ring opening reaction. Finally, the 1,3-butadiene formed
by ring opening of cyclobutene was not isolated directly due
to small amount and low boiling point. Thus it was trapped
by reacting with bromine in dichloromethane to give dibromide
(43) by 1,4-addition reaction.
Irradiation of azo compound (8) in dichloromethane solution
through pyrex filter gave the same products as thermolysis, ie.
tetrachlorobenzene and dibromide (.3) which was formed by
bromination of 1,3-butadiene. Again no tricyclodecadiene
derivative can be isolated in contrast to the formation of
ring closed product (LXIII) from the photolysis of the lower
homologue (LXII). However formation of t etrachlorobenzene
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and 1,3-butadiene leads.us to assume that tricyclodecadiene
derivative (12) is again an intermediate in photolysis of (8).
Its fragmentation giving tetrachlorobenz.ene and cyclobutene
is via a[ 2s+ 2s] cycloreversion. This idea is established
by comparing with the following reaction. When compound (59).
which is the dechlorinated unsaturated analogue of (12), was
irradiated with U.V., a mixture of tricyclooctadiene (60) and
benzene was isolated.66 Compound (60) is arised from the
dimerization of cyclobutadiene. Therefore, one expects that
compound (12) would undergo parallel fragmentation to give
tetrachlorobenzene and cyclobutene during photolysis. In turn,




The key compound in both thermolysis and photolysis is
therefore tricyclodecadiene derivative (12), but so far it
eluted all methods of its isolation. Careful examination of
the mass spectrum of azo compound (8) revealed no fragment at
m/e = 268 for M+ ion of compound (12). Thus it seems that
compound (12) is less stable than azo compound (8) so that
it undergoes further reactions once it is formed when compound
(8) is subjected to thermolysis or photolysis.
51
III. Synthesis of caged azo compounds: 1,8,9,12,13,13-hexa-
chloro-4,5-diazahexacyclo[6.4.1.02,7.03,11.06,10,09,12]-
tridec-4-ene (13) and 1,8,9,12-tetrachloro-13,13-dimethoxy-
4,5-diazahexacyclo[6.4.1.02,7,03,11,06,10.09'12]tridec-
4-ene (14).
Caged diester (28) was obtained in good yield by irradiatio
of diene (21) in acetone solution through pyrex filter. The
PAR spectrum of (28) shows no absorption at the vinyl region,
instead a multiplet of two protons appears at 6.73 indicating
the two methine protons of cyclobutane. This multiplet overlaps
with the ring junction (H2,H7) protons. This indicates that
a[2s+2s cycloaddition has taken place between the juxta-
position double bonds of diester (21) leading to caged structure
of compound (28). Further support is obtained from the IR
spectrum. The 1620 cm-1 absorption, assigned to the dichloro-
olefinic group of ester (21), disappears in the IR spectrum
of caged compound (28).
Treatment of diester (28) with potassium hydroxide in
boiling 95% ethanol under nitrogen afforded hydrazo derivative
(30). The formation of hydrazo derivative (30) is indicated
by the precipitation of potassium carbonate. Owing to its air
sensitivity, crude hydrazo derivative (30) was not further
purified and identified but was used imediately for the next
step.
52
As usual, crude hydrazo derivative (30) was oxidized by
stirring with a suspension of red mercuric oxide in benzene.
The major product was identified as the expected caged azo
compound (13) based on its spectral data. The disappearance
of carbonyl absorption at 1700 cm-1 and the. apP earance of
-N=N band at 1537 cm--1 in the IR spectrum indicate that base
hydrolysis of caged diester (28) has taken place. Furthermore
PMR spectrum of compound (13) . consists of a multiplet centered
at 3.8t for two ring junction protons (H3)H6) adjacent to the
azo group, and a multiplet at 7.29 showing the four protons
(H2)H'7,H-10,H1 1) at the ring junctions. The methyl singlet of
(28) was not observed in the PMR spectrum of (13).
The, minor product was found to be a cage azoxy compound
(61). It was formed for the same reason as compounds (38) and
('+1) which were obtained during base hydrolysis and oxidation
of diesters (23) and (21+) respectively. IR spectrum of compound
(61) shows a strong absorption band at 1507 cm-1 indicating the
presence of cis-azoxy group. ' PMR spectrum shows a multiplet
at ' 1+.86' for two ring junction protons adjacent to the azo
group. It is 1.06 ppm upfield than the corresponding protons of
compound (13). The difference in chemical shift of 1.06 ppm
between the two ring junction protons of compounds (13) and
(61) agrees with the fact that they are azo and azoxy pair.
Again, compound (61) was obtained by m-chloroperbenzoic acid









(13; x = Cl) (61; x = cl)
(14; X =MeO) (62; X = MeO)
The dimethoxytetrachloro caged azo compound (14) was
prepared by an analogous sequence of reactions. Except with
the presence of two additional methoxy signals, the PMR spectra
of compounds (29), (14) and (62) are exactly parallel to that
of the hexachloro .series (28), (13) and (61) respectively.
Correct elementary analysis has also been obtained. Hence their
structures stand in firm ground. Again the minor product, azoxy
compound (62) was also produced for the same reason as (61).






IV. Reactions of caged azo compounds: 1,8,9,12,13,13-hexa-
chloro-4,5-diazahexacyclo[6.4.1.02,7.03,11.06,10.09,12]-
tridec-4-ene (13) and 1,8,9,12-tetrachloro-13,13-dimethoxy-
4,5-diazahexacyclo[6.4.1.02,7.03,11.06,10.09,12Jtridec-
4-ene (14).
Thermolysis of compound (13) at 300°C for hour gave dien,
(63) in 81% yield. Photolysis of (13) in dichloromethane
solution through pyrex at 0°C with a 125W Hanovia lamp for 30
hours also gave dierle (63) in 32% yield. The structure of
product (63) was established by spectral Batas: Mass spectrum
of compound (63) shows a M ion at m/e = 348 with 6 chlorine
atoms cluster, suggesting a molecular formula of C11H6Cl6 which
is equivalent to compound (13) losing N2. PMR spectrum of (63)
shows a multiplet centered at 4.1t indicating four olefinic










(13; X = Cl)








(63; X = Cl)
(68; X = MeO)
As mentioned in the introduction, thermolysis of (XCI)
and (XCVI) gave dihydro fulval ene (LXV) exclusively and no
hypostrophene (XCVIII) is isolated. Hypostrophene (XCVIII)
was obtained only by low temperature photolysis of (XCVI).48
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It is because hypostrophene (XCVIII) is a highly strained
molecule which consists of two fused cyclobutane rings.
However dierie (63) is stable even at 3000C and obtained in
good yield from both thermal and photochemical decompositions










Thermal decomposition of compound (13) occurs via a I,4-
diradical (64) which is subsequently stabilized by the formation
of two etheno bridge by opening of cyclobutane ring. Due to
the same product (63) is obtained in both thermolysis and
photolysis of (13), the latter is expected to decompose via
an excited 1,4-diradical. As a matter of fact, no compound
(65) is obtained because opening of cyclcbutane ring is more
















No compound (XCVIII) was obtained in thermolysis of (XCVI)
because (XCVIII) is so highly strained that once it was formed,
it rapidly changed to a bisallyl. diradical_ (XCVII) which led
to dihydrofulvalene (LXV). However (63) is not so strained
that it did not undergo parallel transformation to give compound













Parallel results were obtained from the thermal and photo-
chemical decompositions of caged azo compound (14). The PMR
spectrum of .compound (68) is exactly parallel to that of the




Infrared spectra were taken with a Beckman IR-10 Infrared
Spectrophotometer using KBr discs, and only significant maxima
are listed.. Ultraviolet spectra were taken with a Hitachi
Model 323 UV-VIS-NIR Recording Spectrophotometer for solutions
in ethanol. PMR spectra were taken with a Jeol 60-HL Spectro-
meter.for solutions in deuteriochloroform with tetramethylsilane
as internal standard. Microanalyses were done by Australian
Microanalytical Service, CSIRO.
Endo, endo-3,4,5,6,13,13-hexachloro-9,10-diaza.tetracy clo-
C6.2.2. 13' 6:02' 7D trideca-4,9-diene (6), endo, endo-3,4,5,6-
t eeaxachloro-13,13-dimethoxy-9,10-diazat etracy clc[6.2.2. 13'6.02'7]-
trideca-4,9-diene (7) and endo-3,4,5,6-t etrachloro-9,10-dia.za-
:1 dodeca-3 599-tri ene (8) were prepared bytricvclo[6.2.2.02,7
Tee's method.52
Thermolysis of endo, endo-3,4,5,6,13,13-hexachlor o-9,10-dia_za.-
tetracyclo[6.2.2]3,6.02'7]trideca-4, 9-diene (6)
A thick-walled pyrex tube containing azo compound (b)
(1g.,2.6 mmole) was heated under nitrogen atmosphere for
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2 hour in an oil bath at 200°C. The tube was allowed to cool
and the. content was then poured into dichloromethane (50 ml).
The solution was filtered through filtered aid to remove tar.
Thin layer chromatography (silica gel, light petroleum ether)
of the filtrate indicated that it contained two components.
The solution was concentrated and chromatographed on a column
of silica gel and eluted with light petroleum ether.
Fractions containing the faster-moving component were
combined and evaporated under reduced pressure to dryness.
The solid obtained was recrystallized from dichloromethane/
ethanol to give colourless crystals (0.74 g., 80%), m.p. 71-72°C.
The product was identified as 1 , 2, 3, 4, 7, 7-hexachloro-5, 6-cis,-
endo-divinylbicyclo[2.2. lJ hept-2-ene . (9) on the basis of its
spectral data.52
After the divinyl derivative (9) had passed over, the
column was eluted with 50% dichloromethane in light petroleum
ether. Evaporation of the combined fractions of slower-moving
component afforded a crude solid which was recrystallized from
dichloromethane/ethanol to give colourless crystals. (0.083 g... 8%),
°The crystal darkened. and decomposed rapidly above ca. 280 C.
Mass Spect. M+ ion at m/e = 394 with 6 chlorine atoms
cluster.
IR (cm-1 , KBr) : 1 500 (cis-s_zoxy )
1605ClC=CCl)
bridgeheadm, 2H9PMR(CDCl 4 , 'T) : 5.36
m,6.71 2H 9 ring junction
methyleneHItm,8.16
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H 2.03Anal. (%) : Found N 7.10C 33.44 Cl 53.30
H 2.03Calc. N 7.06Cl 53 .60C 33.28
The calculated values are based on Cl1H8RON2Cl6.
The product is endo, endo-3,4,5,6,13,13-hexachloro-9,10-
dia.za-tetracyclo[6.2.2. 13,6.02,7]trideca-4,9-dierie N-Oxide (38).
Photolysis of endo,endo-3,k,5,6,13,13-hexachloro-9,10-diaza-
tetracyclo[6.2.2.13,6.02,7]trideca-4,9-diene (6)
A solution of azo compound (6) (1 g., 2.6 mmole) in
dichioromethane (250 ml) was cooled in an ice-bath and irrad-
iated with a 125W Hanovia lamp (pyrex filter) for 8 hours. The
solution was filtered and concentrated. TLC study (silica gel,
light petroleum ether) of this solution showed that it contained
two components. The solution was chromatographed on a column
of silica gel and eluted with light petroleum ether. Fractions
containing the faster-moving component were combined and
evaporated under reduced pressure to dryness. The solid
obtained was recrystallized from dichioromethane/ethanol to
give colourless crystals (0.66 g., 72%), m.p. 71-72°C. It was
identified as 1,2,3,4,7,7-hexachloro-5,6-cis,endo-divinyl-
bicyclo[2.2.1]kept-2-ene(9) on the basis of spectral data.52
After the divinyl compound (9) had passed over, the column
was eluted with 50% dichioromethane in light petroleum ether.
Evaporation of the combined fractions of slower-moving
corr,Donent afforded crude solid which was recrystallized from
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dichloromethane/ethanol to give colourless crystal (0.09 g.,
9%). The crystal darkened and decomposed rapidly above
ca. 280°C. It was identified as endo, endo-3, k, 5, 6, 13,13-hexa-
chloro-9,10-diazatetracycloC6.2.2.13'6.02'7trideca-4,9-diene
N-Oxide (38), ie. the same product as obtained in thermolysis.
Oxidation of endo, endo-3, 4, 5, 6, 13, 13-hexachloro-9,10-diaza-
tetracycloC6.2.2.13'6.02'7jtrideca-4,9-diene (6).
A solution of azo compound (6) (1 g., 2.6 mmole) and
m-chloroperbenzoic acid (85% pure, 0.54 g., 2.7 mmole) in
dic.hloromethane (80 ml) was heated under reflux in an oil bath
at 70°C for 6 hours. The solution was washed with 10% sodium
sulphite solution (50 ml portions) to reduce the excess peracid
until it gave a negative test to starch iodide paper. The
solution-was then washed with 5% sodium bicarbonate solution
(60 ml portions) until it was neutral to litmus. Finally, the
solution was washed water (3x60 ml) and dried over anhydrous
sodium sulphate. Removal of solvent under.reduced pressure.
afforded a white solid which was recrystallized from dichloro-
methane/ethanol to give a colourless crystals (0.98 g., 94%).
The crystal darkened and decomposed rapidly above ca. 280°C.
It was identified as endo,endo-3,4,5,6,13,13-hexachloro-9,10-
diazatetracyclo[6.2.2.1326.02°7]trideca-4,9-diene N-Oxide (38)
on the basis of its spectral data.
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Thermolysis of endo , endo-3, L., 5, 6 ,13, 13-hexachloro-9,10-diaza-
tetracyclo[6.2.2. 13' 6.02' 7] trideca-4, 9-diene N-Oxide (38).
A thick walled pyrex tube containing azoxy compound (38)
(1 g., 2.5 rnmole) was. heated under nitrogen for 15 minutes in
an oil bath at 3000C. The tube was allowed to cool and the
content was dissolved in dichloromethane (50 ml). The solution
was filtered through filtered aid to remove the carbonized
solid. Evaporation of solvent under reduced pressure afforded
the crude product which was recrystallized from dichloromethane/
ethanol to give colourless crystals (0.68 g., 78%), m.p. 71-720C.
The product was identified as 1 , 2,3,L-, 7, 7-hexachloro-5, 6-cis,-
endo-divinylbicycloC2.2. 1l hept-2-ene (9) on the basis of its
spectral data..
Thermolysis of endo,endo-3,)+,5,6-tetrachlor o-13, 13-dimethoxy-
9, 10-diazatetracycloC6.2.2. 13' 6.02' 7:Itrideca-4,9-diene (7).
A thick walled pyrex tube containing azo compound (7)
(1g., 2.7 mmole) was heated under nitrogen for z hour in an
oil bath at 220°C. The tube was allowed to cool and the
content was dissolved in dichloromethane (50 ml). The
solution was filtered through. filtered aid to remove carbonized
residue. TLC study (silica'gel, 15/ dichloromethane in light
netroleurn ether) of the filtrate showed that it contained only
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one component. The crude product, which was obtained from
evaporation of solvent under reduced pressure, was recrystallized
from dichloromethane/ethanol to give colourless crystals
(0.8 g., 86%) m.p. 74-75°C.
IR (cm-1, KBr): 1426, 1645, 3095 (vinyl)
1608 (CIC=CCl)




H 4.25C 45.64FoundAnal. (%):
Calcd. C 45.38 H 4.10
The calculated value is based on the molecular formula




A solution of azo compound (7) (1 g., 2.7 mrnole) in
dichloromethane (250 ml) was cooled in an ice-bath and
irradiated with a 125W Hanovia lamp (pyrex filter) for 7 hours.
The solution was filtered to remove the polymer. The yellow
solution resulted was concentrated to 3 ml. TLC study (silica
gel, 20% dichlorom ethane in light petroleum ether) of this
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solution showed that it contained two components. The solution
was chromatographed on a column of silica gel and eluted with
10% dichloromethane in light petroleum ether.
Fractions containing the faster-moving component were
combined and evaporated under reduced pressure to dryness. The
solid obtained was recrystallized from dichioromethane/ethanol
to give colourless crystals (0.63 g., 68%), m.p. 74-75°C. It
was identified as 1,2,3,4-tetrachloro-7,7-dimethoxy-5,6-cis,
endo-divinylbicycloC2.2.1Jhept-2-ene (40) on the basis of its
spectral data, ie. the same product as obtained in thermolysis.
After the divinyl derivative (40) had passed over, the
column was eluted with 60% dichloromethane in light petroleum
ether. Fractions containing the slower-moving component were
combined and evaporated to dryness. The solid residue was
recrystallized from dichloromethane/ethanol to give colourless
crystals (0.07 g.,7%) ,m.p. 169-171°C, it decomposed at 210°C.
Mass Spect. M+ ion at m/e = 386 with 4 chlorine atooms
cluster.
IR (cm-1, KBr): 1500 (cis-azoxy)
1608 (ClC=CCl)
PMR (CDCl3, ): 5.42 m, 2H, bridgehead
6.46 S, 3H, methoxyl
6.48 S, 3H, methoxyl
6.90 m, 2H, ring junction
8.20 m, 4H, methylene
Anal. (%) Found C 40.09 H 3.57 Cl 36.60 N 7.43
Calcd. C 40.23 H 3.64 Cl 56.54 N 7.22
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The calculated values are based on the molecular formula
C13H1kO3N2C14. The product is endo,endo-3,4,5,6-tetrachloro-
13,13-dimethoxy-9,10-diazatetracyclo[6.2.2.13,6.02,7]trideca-
4,9-diene N-Oxide (41).
Oxidation of endo, endo-3,4,5,6-tetrachloro-13,13-dimethoxy-
9 10-di azatetracyclo[6.2.2.13,6.02,7]trideca-4,9-diene (7).
A solution of azo compound (7) (1g., 2.6 mmole) and
m-chloroperbenzoic acid (85% pure, 0.54 g., 2.7 mmole) in
dichloromethane (80 ml) was heated under reflux in an oil
bath at 70°C for 6 hours. The solution was washed with 10%
sodium sulphite solution (3x50 ml) to remove the excess peracid.
The solution was then washed with 5% sodium bicarbonate solution
(5x60 ml), then with water (3x60 ml) and finally dried over
anhydrous sodium sulphate. Removal of solvent under reduced
pressure afforded a white solid which was recrystallized from
dichloromethane/ethanol to give colourless crystals (0.93 g.,




9,10-diazatetracyclo[6.2.2.13,6.02,7]trid eca-4,9-diene N-Oxide (41)
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A thick-walled pyrex tube containing azoxy compound (41)
(1g., 2.6 mmole) was heated under nitrogen for 2 hour in an
oil bath at 220°C. The tube was allowed to cool and the content
was dissolved into dichloromethane (50 ml). The solution was
filtered through filtered aid to remove the carbonized residue.
Evaporation of solvent under reduced pressure afforded crude
product which was recrystallized from dichloromethane/ethanol
to give colourless crystals (0.72 g. , 81%), m. p. 74-75°C. It
was identified as 1,2,3,4-tetrachloro-7,7-dimethoxy-5,6-cis,
endo-divinylbicycloC2.2.1 kept-2-ene (40) on the basis of its
spectral data.
Photolysis of endo, endo-3, 4 , 5, 6, 13, 13-hexachlo•o-9,10-dimethoxy-
carbonyl-9 1 0-diazat etracycloC6.2.2. 13' 6.02' 7J trideca-k, 1 1 _
diene (21)
A solution of diester (21) (1 g.2 2 mmole) in acetone
(250 ml) was cooled in an ice-bath and irradiated with a 125W
Hanovia lamp (pyrex filter). The progress of the reaction,. which
was followed by TLC, was deduced to be completed in 14 hours.
Solvent removal under reduced pressure afforded crude product
which was recrystallized from dichloromethane/ethanol to give
°colourless crystals (0.86 g., 86%), m. p. 212-243C.
M' ion at m/e = 494 with 6 chlorine atomsMass Spect.
cluster.
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IR (cm-1, KBr): 1708 (carbonyl stretching of -COOMe)
PMR (CDCl3, ) : 5.08 m, 2H, ring junction H3,H6
6.20 S, 6H, methyl ester
6.73 m, 4H, ring junctions H2,H7
H10,H11
Anal. (%): Found C 36.53 H 2.54 Cl 42.70 N 5.84
Calcd. C 36.25 H 2.43 Cl 42.80 N 5.64
The calculated values are based on the molecular formula
C15H1204C16N2. The product is 1,8,9,12,13,13-hexachloro-4, 5-
dimethoxycarbonyl-4,5-diazahexacyclo[6.4.1.02,7.03,11.06,10.09,12]-
tridecane (28).
Base hydrolysis followed by oxidation of 1,8,9,12,13,13-hexa-
chloro-4, 5-dimethoxycarbonyl-k, 5-diazahexacyclo[6. 4.1.02,7.03,11-
0.6,10.09,12] tridec ane (28)
Caged diester (28) (1 g., 2 mmole) was refluxed with
potassium hydroxide (1.2 g., 21 mmole) in 95% ethanol (60 ml)
under nitrogen for 24 hours. Potassium carbonate was filtered
off and the filtrate was evaporated to dryness. The'solid residue
was dissolved in dichloromethane (100 ml) and the resulting
solution was washed with water (3x50 ml). The organic layer
was separated and dried over anhydrous magnesium sulphate.
Evaporation of solvent under reduced pressure afforded hydrazine
(30) as a yellow solid. The crude hydrazine (30) was stirred
with a suspension of red mercuric-oxide (1 . 1 g., 5 mmole) in
benzene (40 ml) at room temperature for 48 hours. The mercury
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formed and the excess mercuric oxide were filtered off. TLC
study (silica gel, 50% dichloromethane in light petroleum
ether) of this solution showed that it contained two components.
The filtrate was concentrated and chromatographed on a column
of silica gel and eluted with 20% dichloromethane in light
petroleum ether. The fractions which contained the faster-
moving component were combined and evaporated to dryness under
reduced pressure to give the crude product which was recrystallized
from dichloromethane/ethanol to give colourless crystals (0.59 g.,
78%), sublimable crystals which darken and decomposed rapidly
above ca. 275°C.
Mass spect. M+ion at m/e = 376 with 6 chlorine atoms
cluster.
IR (cm-1, KBr): 1537 (-N=N-)
PMR (CDCl3, 3.80 m, 2H, ring junction H3,H6
7.29 m, 4H, ring junctions H2,
H7,H10,H11
Anal. (%): Found C 35.14 H 1.63 N 7.59
Calcd. C 34.87 H 1.60 N 7.39
The calculated values are based on the molecular formula
C11H6Cl6N2.
The product is l, 8, 9, 12, 13, 13-hexachloro-4, -diazanexa
cyclo[6.4.1.0 2'7.03,11.06'10.09,12] tridec-4-ene (13)
Fractions containing the slower-moving component were
combined and evaporated to dryness. The solid residue was
recrystallized from dichloromethane/ethanol to give colourless
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crystals (0.06 g., 8%), the crstals darken and decomposed
above ca. 330°C.
Mass Spect. M+ ion at m/e = 392 with 6 chlorine atoms
cluster.
IR (cm-1, KBr): 1507 (cis-azoxy)
PMR (CDC13, ) : 4.86 m, 2H, ring junctions H3,H6
6.75 m, 4H, ring junctions H2,
H7,H10,H11
Anal. (%): Found C 33.58 H 1.57 Cl 53.70 N 7.12
Calcd. C 33.45 H 1.53 Cl 53.87 N 7.09
The calculated values are based on the molecular formula.
C11H6OCl6N2.
The product was 1,8,9,12,13,13-hexacnloro-4,5-diazanexa-
cyclo[6.4.1.02,7,03,11.06,10.09,12]tridec-4-erle N-Oxide (61) .
Thermolysis of 1,8,9,12,13,13-hexachloro-4,5-diazahexacyclo-
[6.4.1.02,7.03,11.06,10.09,12]tridec-4-ene (13)
A thick walled pyrex tube containing caged azo compound
(13) (1 g., 2.6 mmole) was heated under nitrogen in an oil
bath. The temperature was gradually raised to 300°C and
maintained at that temperature for 2 hour. When the tube
was cooled to room temperature, the content was dissolved in
dichloromethane (60 ml). The solution was filtered to remove
carbonized residue. Evaporation of solvent afforded the crude
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product which was recrystallized from diethyl ether/petroleum
ether to give colourless crystals (0.74 g.) 81%). The crystals
sublimed and darken above ca. 2.60°C.
Mass Spect. M+ ion at m/e = 348 with 6 chlorine atoms
cluster.
PMR (CDC13, ) : 4.10 m, 4H, olefinic
6.55 m, bridgehead
Anal. (%) Found C 37.27 H 1.79
Calcud. C 37.65 H 1.72
The calculated values are based on the molecular formula
C11H6C16.




A solution of caged azo compound (13) (1 g., 2.6 mmole)
in dichloromethane (250 ml) was cooled in an ice-bath and
irradiated with a 125W Hanovia lamp (Pyrex filter) for 30
hours. The solution was filtered to remove polymeric materials.
The yellow fitrate was concentrated to 3 ml. TLC study (silica
gel, 40% light petroleum ether in dichloromethane) of the
filtrate indicated (developed with iodine) that it contained
two components. The solution was chromatographed on a column
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of silica gel and eluted with 30% dichloromethane in light
,petroleum ether.
The fractions containing the faster-moving component were
combined and evaporated under reduced pressure to dryness. The
solid obtained was recrystallized from diethyl ether/petroleum
ether to give colourless crystals (0.3 g., 32%). The crystals
sublimed and darken above ca. 260°C. It was identified as
4, 5, 9, 1 0,10, 1 1 -hexachlorotetracyclo[6.3.0.04 s l1 005, 9] undeca-
2,6-diene (63).
After the diene (63) had passed over, the column was eluted
with 50% dichloromethane in light petroleum ether. The fractions
containing the slower-moving component were combined and evap-
orated to dryness under reduced pressure. It was identified
as the starting material (13) on the basis of its spectral
data,
Oxidation of 1 , 8, 9 , 12, 13, 13-hexachloro-1+, 5-diazahexacyclo-
F6.4.1.0 2 7.03, 1 1.06 10. 0 9212 tridec-4-ene (13
A solution of azo compound (13) (1g., 2.6 mmole) and
m-chloroperbenzoic acid (85% pure, 0.54 g., 2.7 mmole) in
dichloromethane (80 ml) was heated under reflux in an oil bath
at 700C for 20 hours. The solution was washed with 10% sodium
sulphite solution (3x50 ml) to remove the excess peracid. The
solution was then washed with 5% sodium bicarbonate solution
(5x60 ml) followed by water (3x60 ml), and dried over anhydrous
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sodium sulphate. Removal of solvent under reduced pressure
afforded white solid which was recrystallized from dichloro-
methane/ethanol to give colourless crystals (0.94 g., 90%).
0
The crystals darken and decomposed above ca. 330 C. It was
identified as 1,8,9,12,13,13-hexachloro-4, 5-diazahexacyclo-




A solution of diester (22) (1 g., 2 mmole) in acetone
(200 ml) was cooled in an ice-bath and irradiated with a 125W
Hanovia lamp (pyrex filter). The progress of the reaction,
followed by TLC, was deduced to be completed in 14 hours.
Solvent removal under reduced pressure afforded the crude
product which was recrystallized from dichloromethane/ethanol
to give colourless crystals (0.88 g., 88%), m.p. 212-2130C.
M+ ion at m/e = 486 with 4 chlorine atomsMass Spect
cluster.
IR (cm-1, KBr): 1714 (carbonyl stretching of -COOCH3)





6.88 m, ring junctions H2,4H,
H7 H10,H11
Anal. Found Cl 29.50C 41.91 N 5.79H 3.68
H 3.72 Cl 29.05Calcd. C 41.83 N 5.74
The calculated values are based on the molecular formula
C17H1806C14N2.
The product is 1,8,9,12-tetrachloro-13,13-dimethoxy-4,5
dimethoxycarbonyl-4,5-diazahexacyclo[6.4.1o02,7.03,11.06,10 09,12]
tridecane (29)
Base hydrolysis followed by oxidation of 1,8,9,12-tetrachloro
13,13-dimethoxy-4,5-dimethoxycarbonyl-4, 5-diazahexacyclo
-6.4.1.02'7.03'11.06'10.09'12]tridecane (29).
Caged diester (29) (1 g., 2 mmole was refluxed with potassium
hydroxide (1.2 g., 21 mmole) in 95% ethanol (60 ml) under nitrogen
for 24 hours..Potassium carbonate was filtered off and the
filtrate was evaporated to dryness. The solid residue was
dissolved in dichloromethane (100 ml) and washed with water
(3x50 ml). The organic layer was dried over anhydrous magnesium
sulphate. Evaporation of solvent under reduced pressure afforded
a yellow solid. The crude hydrazine (31) was stirred with
suspension of red mercuric oxide (1.1 g.,5 mmole) in benzene
(40 ml) at room temperature for 48 hours. The mercury formed
and the excess mercuric oxide were filtered off. TLC study
(%)
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(silica gel, 50% dichloromethane in light petroleum ether) of
this solution showed that it contained two components. The
filtrate was concentrated and the residue was chromatographed
on a column of silica gel and eluted with 20% dichloromethane
in light petroleum ether. Fractions which contained the
faster-moving component were combined and evaporated to dryness
under reduced pressure to give the crude product which was
recrystallized from dichloromethane/ethanol to give colourless
crystals (0.58 g.,77%), m.p. 165-166°C.
M+ ion at m/e = 368 with 4 chlorine atomsMass Spect.
cluster.
IR (cm-1, KBr): 1 610 (-N=N-)
ring junction H3,H6,m, 2HPMR (CDCl-3,): 3.98
methoxyS,6.45 3H,
methoxs,6.49 3H,
m, ring junctions H2,7.45 4H ,
H7,H10,H11
found C 41 .91Anal, N 7.85Cl 38.10H 3.27
Cl 38.32c 42.19Calcd. H 3.27 N 7.57
The calculated values are based on the molecular formula
C13H1202C14N2
The product is 1,8,9,12-tetrachloro-13,13-dimethoxy-4,5
diazahexacyclo[6.4.102,7.03,11,06,10,09,12]tridec=4-ene(14)
Fractions containing the slower-moving component were
combined and evaporated to dryness under reduced pressure
(%)
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The solid residue was recrystallized from dichloromethane/
ethanol to give colourless crystals (0.055 g., 7%), m.p. 225-
226°C.
M+ ion at m/e = 384 with 4 chlorine atomsMass Spect.
cluster.
IR (cm-1, KBr): 1503 (cis-azoxy)
m, 2H, ring junction H3,H6PMR (CDCl3, ●) : 4.84
methoxyS6.36 3H,
methoxy6.42 S, 3H,
5 m, ring junctions H2.85 H,
H7,H10,Hll
H 3.73 Cl 35.70Found N 7.14Anal. C 40.44
C 40, 23 H 3.6 Cl 36.54Calcd, N 7.22
The calculated values are based on the molecular formula
C13H12CI4N2O3.
The product is 1,8,9,12-tetrachloro-13, 13-dimethoxy-4, 5-
diazahexacycloC6. 4. 1 .0227.0321110 6310.09, 12 tridec-k-ene N-Oxide
(62).
Thermolysis of 1 , 8, 9,12-tetrachloro-13, 13-dimethoxy-4, 5-diaza-
hexac.ycloE6.4.1 .02'7.03311.0 6110.09' 12 tridec-4-ene (14)
Caged azo compound (11+) (1 g., 2.7 mmole) was put in an
evacuated sealed thick walled tube and heated in an oven at
210°C for 12 days. The content was dissolved into dichloro-
(%):
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methane (50 ml). The solution was filtered through filtered
aid to remove carbonized materials. Evaporation of the
solvent under reduced pressure to dryness gave the crude
product which was recrystallized from diethyl ether/petroleum
ether afforded colourless crystals (0.53 g., 57%). The crystals
sublimed and darken above ca. 3100c.
Mass Spect. M+ ion at m/e = 340 with 4 chlorine atoms
cluster.
4.12 m, olefinicPMR (CDC13, ●) 4H,
s, methoxy6.30 6H,
bridgehead6.66 m 2H,
Found Cl 41.20C 45. 63Anal. H 3.52
Cl 41.46Calcd C 45.65 H 3.54
The calculated values are based on the molecular formula
C13H12C14O2
The product is 4,5,9,11 -tetrachloro-10,10-dimethoxytetra
cyclo[6.3.0.04'11.05'9.3 undeca-2,6-diene (68).
Photolysis of 1 , 8, 9, 12-tetrachloro-13, 13-dimethoxy-k, 5-diaza-
hexacvclo[6.4.1.02,73,11 .06 10 .09 12] tridec-4-ene (14).
A solution of caged azo compound (14) (1 g., 2.7 mmole)
in dichloromethane (250 ml) was cooled in an ice-bath and
irradiated with a 125W Hanovia lamp for 32 hours. The
sn1uution was filtered to remove polymeric materials. The
%：
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filtrate was concentrated to 3 ml.. TLC study (silica gel, 40%
light petroleum ether in dichloromethane) of. the filtrate
indicated (devTCloped with iodine) that it contained two
components. The solution was chromatographed on a column
of silica gel and eluted with 30% dic hloromethane in light
petroleum ether.
Fractions containing the faster-moving component were
combined and evaporated under reduced pressure to dryness.
Thp solid obtained was recrystallized from diethyl ether/
petroleum ether to give colourless crystals (0.26 g., 28/).
The crystals subimed and darken above ca. 310°C. It was
identified as L, 5 , 9, 1 1 -tetrachloro-10, 10-dimethoxytetracyclo-
[6.3.0.04,11.05,9]undeca-2,6-diene (68).
After the diene (68) had passed over,the column was eluted
with 50% dichloromethane in light petroleum ether. The fractions
containing the slower-moving component were combined and
evaporated to dryness under reduced pressure. The solid residue
was recrystallized from dichloromethane/ethanol to give
colourless crystals (0.62 g.,62/), m.p. 165-166°C. It was





A solution of caged azo compound (14) (1 g., 2.7 mmole)
and m-chloroperbenzoic acid (85%, 0.6 g., 3 mmole) in dichloro-
methane (80 ml) was heated under reflux in an oil bath at 700C
for 22 hours. The solution was washed with 10% sodium sulphite
solution (50 ml portions) to reduce the excess peracid until
it gave a negative test to starch iodide paper. The solution
was then washed-with sodium bicarbonate solution until it was
neutral to litmus. Finally, the solution was washed with water
(3x60 ml) and dried over anhydrous sodium sulphate. Removal
of solvent under reduced pressure afforded a white solid which
was recrystallized from dichloromethane/ethanol to give
colourless crystals (0.94 g-, 90%), m.p. 225-2260C. It was
identified as 1,8,9,12-tetrachloro-13,13-dimethoxy-4,5-diaza-
hexacycloC6.4. 1 .0227.03211 .06,1o .0 9, 12J tridec-+-ene N-Oxide (62)
on the basis of its spectral data.
Thermolysis of 3,4,5,6-tetrachlor•o-9,10-diazatricycloE6.2.2.0?'/
dodeca-3,5,9 -triene (8).
Azo compound (8) (1 g., 3.3 mmole) dissolved in xylene
(2 ml) in a pyrex tube was evacuated and sealed. The tube was
heated in an oven at 200°C for 7 days. The tube was cooled in
liquid nitrogen and opened. The reaction mixture was dissolved
in 50 ml of dichloromethane and transfered into a two necked
round bottomed flask which had been pre-cooled in an dry-ice
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acetone bath. The content was distilled under nitrogen and
distillate passed through an ice cooled solution of bromine
(0.53 g., 3.3 mmole) in dichloromethane (60 ml).
When no more vapour came over, the bromine solution was
stirred at room temperature for 3 hours. During this period,
red colour gradually faded. Evaporation of the colourless
solution gave oily residue. Purification of the crude product
by thick layer chromatography (silica gel, light petroleum
ether) afforded a.crude solid which was recrystallized from
dichloromethane/ethanol to give colourless crystals (0.53 g.,
74/), m•p• 53-54°C. It was identified as trans-1,4-dibromo-
2-butene C43).
The residue in the original pyrolysate solidified. The
crude solid was recrystallized from dichloromethane/ethanol.
The product obtained was colourless needles.(0.57 g, 78.5%),
m.p. 44-45°C. It was identified as 1,2,3,4-tetrachlorobenzene.
Photolysis of 3,4,5,6-tetrachloro-9,10-diazatricyclo[6.2.2.02,7]-
dodeca-3,5,9-triene (8).
A solution of azo compound (8) (1 g., 3.3 mmole) in
dichloromethane (220 ml) was cooled in an ice-bath. The
solution was irradiated with a 450W medium pressure Hanovia
lamp for 22 hours at 00C under nitrogen. The resulting yellow
solution was transfered into a 500 ml two necked round bottomed
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flask and the content was distilled. The distillate passed
through a solution of bromine (0.53 g., 3.3 mmole) in
dichloromethane (100 m!) which was cooled in an dry ice-
acetone bath.
When no more vapour came over,-the bromine solution was
stirred at room temper. ature for 12 hours and the red colour
was slightly faded. Evaporation of the colourless solution
gave some oily residue. Purification of the oil by thick
layer chromatography (silica gel, light petroleum ether)
afforded the cruded product which was recrystallized from
dichlo.romethane/ethanol to give colourless crystasl (0,34 g.,
48%), m. p. 53-54°C. It was identified as trans-dibromo-2-
butene (3).
The residue in the original photolysate solidified at
room temperature to give some crude solids. TLC study (silica
gel, 20% dichloromethane in light petroleum ether) of the crude
products indicated that it contained two components which were
separated by thick layer chromatography (silica gel, 20%
dichloromethane in petroleum ether). The faster-moving component
was recrystallized from dichloromethane/ethanol to give
colourless crystals (0.4 g., 56%), m. p. )+k-.5°C. It was
identified as 1 ,2,3,x--tetrachlorobenzene.
The slower-moving component was recrystallized from
dichloromethane/ethanol to give colourless crystals (0.16 g.,
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trans-1.4-dibromo-2-butene (43), end-product of thermolysis of 3.1.5.6-
tetrachloro-9.10-diazatricyclo{6.2.2.0.5.5.9} dodeca-3.5.9-triene (8)


